The embryo-sac of Alisma Plantago. 1 

JOHN H. SCHAFFNER. 


WITH PLATES IX AND X. 


The embryo-sac of angiosperms still presents an inviting 
field for research. There seem to be many variations in the 
general processes which occur in it, and most of the observa¬ 
tions on the finer structure need confirmation. Especially in 
regard to the real meaning of the conjugation of the polar 
nuclei, and what is represented by the antipodal cells, does 
there still seem to be much obscurity. It was for the pur¬ 
pose of making a preliminary study with a view for further 
investigation later, that the following work on the embryo-sac 
of Alisma was undertaken. 

The embryo-sac of Butomus umbellatus L. was described 
h) \esque 2 in 1878, and later by iI. Marshall Ward,® who 
a lso made a few observations on Alisma Plantago L., which 


a greed in general with those on Butomus. The development 
. the embryo of Alisma has become well known through the 
investigations of Hanstein.* Guignard 5 studied the minute 
processes which occur in the embryo-sac of Lilium Martagon 
an d described the conjugation of the centrospheres of the 
sperm nucleus and oosphere. He observed the same process 

nring the union of the two polar nuclei. These observations 

a \T hitherto not been confirmed. 

* y material was collected on July 3 °» i 895 > an< ^ hilled in a 


1 w C 13 ^UliCLlCU Ull J 

rom-acetic acid solution: acetic acid 0-7 P er cen ^» chromic 

J” 1 °-3 per cent., water 99 per cent. All the sections were 
e by imbedding in paraffin and staining on the sli e. 
Tv> e P r * nc ip a l stains used were anilin-safranin and acid fuchsin. 
—L ^ or k was carried on under the direction of Professor 

JD S‘ buti °n ^ rom the Botanical Laboratory of the University of 
des Sri du sac embryonnaire des phan^rogames aogiospermes 

•CoUk 1 -• Bot - VI - 6= 237-285. 1878. 

Linn s to our knowledge of the embryo-sac in angiosperms. 

4 Di»B J?!* 5 1 9 - 546 - 1880. „ 

awl . tnt wickluno iur„„ rt w«l*n und Dikotylen. no 


Jour. 


11; 519-540. 1850 . . 

a bhanrtK, ulwlc ^ un 8 des Keimes der Monokotylen und D:kotylen. 
(Bonn ] gCn aus dem Gebiet der Morphologie und Physiologie 1. 


Botanische 

. 1870. 


i6j_ 2 ^ ve ^|* Etudes sur la f^condation, etc. Ann. des Sci. Nat. Bot. VII 


[123] 


124 


The Botanical Gazette. 


[March. 


F. C. Newcombe, to whom I here express my sincere thanks 
for kind assistance rendered in various ways. 


Development of the embryo-sac. 


The young ovaries arise as protuberances around the edge 
of the flattened receptacle, and soon there appears in the in¬ 
terior of each one a schizogenetic cleft on the inner side of 
which the nucellus is formed. This cleft increases in size quite 
rapidly by enlargement and division of the cells of its walk 
thus making room for the developing nucellus. Whenth? 
nucellus has obtained some considerable size, there can be 
seen in it a large hypodermal cell which appears to be the 
archesporium. No division of this cell into two was observed 


but at a later stage the large macrospore shows the remain* 
of a former cell at its micropylar end (fig I.) which is the 
tapetal cell. The ovule soon becomes anatropous. The ir* 
teguments are two in number, but on the side of the funicu¬ 
lus the outer one is generally not developed. As the embryo 
sac increases in size the ordinary divisions of its nucleus tak- 
place. First it divides into two, one of the daughter nuclr 
passing to the upper and the other to the lower end of th- 
sac, after which each of these, by two successive divisions 
produces four nuclei, thus making the typical eight-cell 

, _ , Often only two nuclei could be disti^ 

guished at the base of the embryo-sac. But as it is Q u " f 

• A L. A * 


embryo-sac (fig. 2). 


narrow at this end the missing ones may have been in the d 
jacent sections, and there indistinguishable from the nuclei 

inA M am 4 ! 


the surrounding tissue. 


All the nuclei except the three antipodal nuclei are com 
paratively large in size and each one contains usuall) e * 1 

large nucleolus, but sometimes two (fig. 2). The two syflC' 

gidre lie .side by* side. They are surrounded by granuUt^* 
walls, and their nuclei are either spherical or cHip s ®* 
hc.y stretch across the entire upper end of the sac, an 1 , 
bentath tbeoltile oosphere is suspended in a dense niaS- „ 
cytoplasm. Its nucleus is usually ellipsoidal in shape, 
yond the oosphere and lying free in the cytoplasm is the 

per polar nucleus. Its centrospheres usually lie on 

er side, though in a few cases they were on the side 
the oosphere The cells in the antipodal region Simula* •> 

arrangement in the egg-apparatus. There are two srTia . 
clei lying at the base; and beyond them is the third antit* 0 * 
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nucleus. This nucleus always stains a very dense red with 
anilin-safranin and its centrospheres are usually very prom¬ 
inent. It would by its peculiar appearance suggest that it 
may be the homologue of the oosphere. These three nuclei 
are not surrounded by any definite cell-walls, but the cyto¬ 
plasm in which they are imbedded is rather dense. Immedi¬ 
ately beyond the antipodal cells is the lower polar nucleus, 
inis is much the largest nucleus in the antipodal region, and 
it contains usually one large nucleolus. Its centrospheres lie 
on the upper side, toward the upper polar nucleus. 

Conjugation of the polar nuclei and their centrospheres. 

The two small granules lying on one side of the resting 
nucleus are now generally called controspheres by English 
writers, and this term is here employed as the most appro- 
I r.ate. The dense centre is appropriately designated by the 
u^ual term “centrosome,” while “attraction-sphere” will be 
used for the hyaline layer surrounding this. 

might here state that all my observations on these bodies 
heretofore 6 have been more fully confirmed during the 
present investigation. The centrosphere is composed of a 

[ en!5e ce ntral body, which appears to have a granular struc- 
ure, and an outer hyaline layer, composed of a highly re- 
ractive substance, which takes little or no stain, but under 
vorable circumstances shows a delicate radiate structure. 

v e ''[hole structure is limited from the surrounding cytoplasm 
) a definite granular layer, which is easily distinguished and 
"j a y appropriately be called a membrane. The centrospheres 
® e mbryo-sac are much more prominent than in the sur- 
nudei 10 ^ tlssues > an< 3 in this respect they agree with the 

t0 ^ stated above, when the two polar nuclei begin to travel 

t^ ‘ 1r , e ach other, they have their centrospheres so situated 

verv v ^ P r . ece< ^ e nuclei; however, in a few cases, at the 

e ginning they were seen on the opposite side. In my 
*, Parations I was able to find all stages of the conjugation 

fj uc l e P°^ar nuclei, until their complete union to fotftn tb© 
(a ^e embryo-sac, or definitive nucleus (figs. 3* 4 * 5 > 

.l T observations agree in general with those of Guignai 
—-_ ^ con iuga tion of the polar nuclei in Lilium Martagon. 

ul >l« l celu atUr « and distribution of attraction-spheres and centrosome* in 

Bor. Gaz . 19; 445-459- *894 
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Of the two conjugating nuclei, the one from the upper end of 
the sac is nearly always the larger. When the two nuclei 
approach each other, the centrospheres join two and two, and 
the two couples then separate so as to permit the two nuclei 
to come in contact (fig. 3). While the two nuclei are fusing, 
the attraction-spheres gradually unite and in them can be dis¬ 
tinguished the two controsomes lying very close together (figs. 
4 > 5 > 6). When the two nuclei have nearly fused, the 
centrosomes are in contact and are also uniting (fig. 6). The 
fusion of the two nuclei takes place by a gradual interchange 
of their contents. The chromatin does not seem to unite as 
definite chromosomes, but there appears to be a gradual in¬ 
termingling of the individual particles from which a new 
chromatin network is built up. The nucleoli of the two nu¬ 
clei appear distinct even to an advanced stage of the conju¬ 
gation, but later there appears but one, in most cases, in the 
definitive nucleus, showing that there has been a union of the 
material of the two nucleoli, or the formation of a new one 
from nucleolar matter derived from the old ones (fig- 7)• 
the intermediate processes were not observed. 

The endosperm is not very abundant when the embryo is 
completely developed. It appears to be formed entirely fro® 
the definitive nucleus. The first division of this nucleus genef - 
ally precedes the first division of the oospore (fig- 19)* 
nuclei continue to divide and spread out through the embr}0* 
sac a^ it increases in size. In one case I observed four endo 
sperm cells at the time when the first division of the oospor» 

was in the close daughter-skein stage (fig. 8). 

* •* ■-1 T ^*^®Oomena of fertilization. 

The young pollen grain has two nuclei, a large one, whick 
never stains very dark with anilin-safranin, and a smaller oitf 
w tch takes an intense dark red stain (fig. 9). Subsequent! 

this small nucleus divides again (figs. 10, 11, i 2 )» thU ’ 
eaving the mature grain with one large nucleus and tw 
sma ones. These small nuclei always stain a very intensiv 

red with anilin-safranin. When the pollen grain falls on the 
stigma and germinates, its tube passes through the st) 
an t ence down through the tissue on the inner side 0 

ovary. At the base of this the tissue is so arranged that 

tube readily finds its way toward the base of the funic« • 
w ere it comes into the free cavity of the ovary. Here 1 
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generally much contorted before reaching the micropyle, 
through the middle of which it finally passes to the top of 
the embryo-sac. Just before the entrance of the pollen tube 
into the micropyle, the two synergidae, as stated before, lie 
at the summit of the embryo-sac, with the oosphere sus¬ 
pended below. The tube in passing through the micropyle 
is considerably constricted, but when it reaches the embryo- 
sac it increases appreciably in diameter (fig. 14). On reach¬ 
ing the apex of the sac, the pollen-tube does not grow 
directly toward the oosphere, but always passes down on one 
side near the wall of the embryo-sac encountering the nucleus 
of one of the synergidae on its passage, which disappears at 
this time. The tube passes by the nucleus and seems to be 
nourished by its contents. At a certain stage the outline of 
the nucleus and its nucleolus can still be distinguished, but 
it takes little or no stain (fig. 15). 

The nucleus of the other synergida persists for a long time, 
at least until the proembryo is composed of several cells. The 
pollen-tube after entering the embryo-sac takes a very dark- 
r sd stain and in it can be distinguished two small nuclei, which 

in the mature pollen-grain. The 


stain exactly like those 


^ ee P re< ^ staining of the tube is perhaps due to the nourish¬ 
ment which it receives from the disintegrating synergida. 
, he u Pper nucleus of the pollen-tube always appears spindle- 
s aped or much elongated (figs. 7, 13, 14, 16). The lower 

J*e is more spherical and is preceded by two centrospheres 
:.^ s ' 7 , 13* 16). These centrospheres are usually very dis- 
lnct ' because of the clear color of the attraction-spheres in 
ontrast to the dark red stain of the surrounding material- 

nucleus remains in 


towa“ d PHshed (figS - 18 ' 


the tube after fertilization is 


The pollen-tube usually curves 

the oosphere before the sperm nucleus leaves it 


19). 


( fi g- 17). 

In the meantime changes are taking place in the oosphere. 
/£ C Cen * r °spheres lie on the side toward the sperm nucleus 
St J- 17). They also appear to travel toward the 

* nuc leus, since at this stage they are farther from the 
00s r S _ than dually (figs. 13, 17). Th * nucleus of the 


OosnfiA*- • V ll o 3 * i jf A // # . , 

starr f 1S no I° n S er symmetrical in outline as in the ear 1 

intn’ * s ^ rawn ou t on the side toward its centrospheres 

s «n"ha? 8 n erable bu| ge(figs- ' 3 . " 5 . ' 7 )- Thus wi “ £ 

a ll the preliminary stages in the approach o 
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two 


or what has been called a ‘ ‘quadrille of the centres. ” 

I made hundreds of sections in the vain attempt to follow 
out the stages of conjugation of the male and female proni- 
clei, but my material proved to be very unfavorable. I suc¬ 
ceeded in finding but one instance of actual conjugation (fig. 
18). In this section the sperm nucleus had left the pollen- 
tube and was in contact with the egg nucleus. No centro* 


’ — w v w W A A A %■* W I A ^ V w w 

They were very likely lying just above 
~ e ' ’ thus invisible. 


spheres were seen. 

and beneath the line of contact and were tnus mnww 
However, the positions of the four centrospheres immediately 
before conjugation indicate the same kind of action as was 
observed for the two polar nuclei. 

. Recently, several American zoologists have attempted 
investigate the phenomena connected with the conjugation 
the male and female pronuclei. Wheeler ‘ ' *' * " 2 

fertilized egg of Mysostoma glabrum, concludes that the arch- 
op asm and centrosomes of the segmentation nucleus coittf 
entire y from the female pronucleus. He found no trace of 
sue structures in the male pronucleus. Hence he think- 


to 

o' 



there 

Mathews 


can be no “quadrille of the centers.” Wilson 
■ * .1 • . 

echinoderm egg 


also 


tend to disprove the “quadrille of the centers.” 

Mead studied maturation and fecundation in Chaetopte- 

^u arnentaCeus ‘. traces the archoplasm and centrosoffl 4 * 
° . e ^ff^^ntation nucleus from the male pronucleus, 

s a es t at these structures disappear from the female prono 
c eus a ter the extrusion of the second polar body. Thus 4 
an also find no “quadrille of the centers.” . 

i . a PPp ars that there is not so much contradiction * n 1 * 

b. er vat tons as in the conclusions drawn. And it should t* 

nc m mind that mere negative results of observation p rC * K 

or disprove nothing. in W 


..M ir As Strasburger has indicated in- 

Unt ^ rsuchu n&en,” in regard to the invisibility ot th 4 

treiteH Vu* r * pe pollen "& rain of many dicotyledons w L 

c j e , d n Wl iu Certam nuclear sta ins, the invisibility of then 

n S ^ C cases must not be interpreted as indicating 
—^-i- °f a nuc i e us, but muc h rather that th e me thgj 5 

Leulkar^ h jour Morph^To? 8 ^ 68 ? ‘ hC fertilized of M/tosto* ' ' 

on the quadrilie^rthe cemers 11 * 3 the echinode „ rm egg ‘ *** ^ 

^a^ C v - V e f°^ u 0n » a tura£- andTiuidk^on inW^ '' 

vuvier. jour. Morph. 10: 3 x 3 . 


>895- 
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preparation and staining were deficient. And subsequent de¬ 
velopments prove the wisdom of the caution. When we com¬ 
pare the size of an ordinary nucleus with a centrosphere it 

will be seen that the suggestion in the present case becomes 
one of great importance. 

No division of nuclei was observed in the pollen-tube, 
e two small nuclei in the tip of the tube, after it has en¬ 
tered the embryo-sac, are about the same size and take the 

S3me sta ‘ n as those in the pollen-grain. These are the two 
j>perm nuclei which come from the generative nucleus. In 

case the division of the generative nucleus occurs in the 

^ n 'g ra in, while more commonly it does not take place 
unti the tube is entering the embryo-sac, as shown by Guig- 

ead anC ^ Strasburger. Strasburger has found 10 that this 
> < 'vision of the generative nucleus occurs in many mono- 
V: edons, and dicotyledons. Whether the two sperm nu- 

th^ arC same na ture or whether only one of them has 

c power of fertilizing the oosphere, I could not determine. 

e a PP eara nce of the two nuclei after entering the embryo- 
Th "f° U ^ * n dicate that only one was a true sperm nucleus. 
e ate of the vegetative nucleus was not discovered, but no 

l aCe i* Wa s seen after the pollen-tube had entered the em- 

Mmk.' 1 - TTTTib irr^ 


development of the embryo 


J 

cmb WaS n °^ ,n ^ en ^ l * on study the development of the 
kg while making observations to determine the 

*isted ?^ lrne ^ a ^ nucleus of the remaining synergidaper- 
Sen . I . ounc l that the development of the proembryo, as pre- 

Pmf >n A my Secti ons, did not agree with the statements r*. 
n ,i Alisma in the text books . 11 After the union of 


lil<x me rexr dooks. /TLiter uic uniuii w w® 
rr ti an< ^ ^ er ^ a ^ e nuclei, the resulting nucleus divides in a di- 
(fj„ at ri &ht angles to the long axis of the embryo-sac 
. The UDDer rpll with ir« nnrlpm immediately begins 


upper cell with its nucleus immediately begins 
yj le * the nucleus taking a central position (fig 20). 

b» r ,_?-" er cel1 increases considerably in length, the lower end 

COf n»ng Snm*,,,!,.._ j _ 1 _ j „1_.._-J- th 


ge. 


b- Com - cdbcb LonsiaeraDiy in ^ 

iover n ^. Sorne what rounded and swollen and containing tftc 
direct i nUC eus * This nucleus now divides again in the same 

as the preceding division, making th ree nuclei for 

"S^Q^ntersiichungen, etc. 8. 

9 1887- o ^ >ut ** ne s °f Classification and Morphology, Bnglbb edition, 

/ * and SachQ* t—» t>_». o.* _ second * r »»i c8o. 1882 
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the proembryo (fig. 21). At this stage the nucleus of the 
one synergida still survives but it shows signs of disintegra¬ 
tion. It disappears after this stage and its contents very 
likely go to nourish the enlarging nucleus of the suspensor 
cell. The next division is again in the lowest of the three 
cells, in a transverse direction (fig. 22). This gives the first 
four cells of the proembryo. These divisions are absolutely 
certain, for they were traced out through stages in which the 
nuclei were in the close daughter-skein, which leaves no doubt 
as to the origin of the different nuclei in the series. The 
next division which occurs is in the lowest of the four cells. 
This now divides in a longitudinal direction (fig. 23). The 
evelopment was traced no farther. But the course de- 
scn ed above was confirmed by numerous examples. Thus 
the early development of the proembryo of Alisma either 
presents variations, or the descriptions given by Hansteinanu 
amintzin are incorrect. At a later stage, three suspenscr 
ce s cou d still be seen (fig. 24), but whether these were the 
same as those seen in fig. 23, or represented cells which origi* 
na e y subsequent divisions, I did not determine. 


Summary. 

lows^ e resu ^ s investigation may be summed up as 


fol 


,.- u ^«ypinent 01 the embryo-sac of Alisn 

no ^ n £ unusual, the fully matured sac 
usual eight nuclei. 


Alisma Plant; 


usual eight nuclei. J 

’ the conjugation of the two polar nuclei, the 1 

n rosp ere.s conjugate by couples, resulting in the format 
of two new ones for the definitive nucleus. 

t. The ... enti re!y f 


Tfc , . ucnnuive nucleus. 

. ? en os pcrm is not abundant and comes entirel 
• ‘-I 0 " 0 ^ e ^ n ^tive nucleus, the antipodal cells s 

mg no division or fragmentation. 

cnni in 1-^ IV ‘ s ‘ on °f the generative nucleus of the polle 
curs in the pollen ?rain 


curs in the pollen grain. 

the s P erm nuclei enter with the pollen 

nf °. nl y lower one takes part in th 


tube 


of fer T; ’ , Ut ° nl y the lower one takes part in th 

* 'Pj Za l01 ?’ °ther one remaining in the tube. 

when in r CUS ^ ° ne synergidae is entirely abs( 

^lso d L,° ^ aCt W,th the P° lle " tube. The other one is 

the large nucleus of 1 bei " g “ Sed P robably t0 W 

s nucleus of the suspensor cell. 
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. 7 - The centrospheres of the lower sperm nucleus precede 
it as it approaches the oosphere. 

8 . The nucleus of the oosphere becomes bulged out on the 

side nearest the sperm nucleus, and its centrospheres being 
situated immediately opposite this bulge, travel slightly to¬ 
ward the approaching male nucleus. 

9 - All the stages preliminary to the conjugation of the male 

a J? , e [ Tla ^ e nuclei are favorable to, and indicate a conjugation 
0 t eir centrospheres, at the time of impregnation of the 

oosphere. 


p ^ * V • 

!0. After the first division of the oospore, in the develop¬ 
ment of the proembryo, the three succeeding divisions take 
pace each time in the outermost cell, the first three divisions 
ei ng transverse to the long axis of the embryo-sac, the 

ourth one longitudinal. 

H”| '&rbor, Michigan. 


cen- 


Explanation of Plates IX and X. 

tai r?ii I l,A/ oun S nucellus with macrospore and remains of the tape¬ 
rs 1 U PP er end - 

Fig l ir? ature embryo-sac with eight nuclei, 
trosr^hiL 1 - v ? P°lar nuclei just before conjugation, showing the 

Vjt i, 0ln ! n g in couples. 

fused- th ^ on i u S at ion of polar nuclei; the attraction-spheres have 
spheres & centrosomes he close together in the united attraction- 

UDDer Ani"°ri^ adon of polar nuclei; the larger nucleus is from the 

Fie d A °J the em bryo-sac. 

pies of it. dvance d stage of conjugation of polar nuclei; the two cou- 
Fig. , p tro k somes are fusing. 

the definir m f )r F°' sac » showing one of the synergidae, the oosphere, 
and the r If nuc l eus of the embryo-sac, the three antipodal nuclei, 
is rmw,j , ,' tu be containing two nuclei. The lower male nucleus 


precpH.a u tube containing two nuclei. 
Fie. a p / tw ° prominent centrospheres. 
Fie. n ryo-sac with oospore dividing, a 

^ WlfVl 3 larnrA onH d cm q 


and with endosperm cells. 


Fig * P p oll en-grain with a large Ind a small nucleus. 

Fig Ir ‘ pOjjcn-grain, showing the small nucleus in stage of division. 

farther advanced'^' 11 With the division of the g enerative nucleus 

11 ^? a ^ Ure pollen-grain with one large and two small nuclei. 
d> e coniiio Qf PP er end °f the embryo-sac, showing the appearance of 

this SDerm s P er m-nucleus after leaving the pollen-tube. Below 
rpm-:.. " n ucleus i«s of anpy r»f the sac is the 


n,s sperm-. a Hcrm-nucieus after leaving tne ponen-iuuc. > 

retn aining nuc eus i s the oosphere, while at the apex of the sac is the 
nu <deus nf !u ner S ida » and at the left of the latter is the second sperm- 

Fie L A he P° lle "-tube. 

trough th end of the ovule, showing the pollen-tube passing 

e mic ropyle and into the embryo-sac. 
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. Fig. 15. Upper end of the embryo-sac, with the pollen-tube absorb- 

ing the contents of the nucleus of one of the synergidae, the latter be¬ 
ing but lightly shaded. 

Fig. 16. Embryo-sac, showing the two centrospheres of the oosphere 

and those of the lower sperm-nucleus in their usual position at this 
stage. r 


F'g- r ?j Upper end of the embryo-sac; the oosphere is bulged out 
on the side toward the pollen-tube; the centrospheres lie some dis¬ 
tance above this protuberance. 

Li * — - __ O j ^ • • 


nee auove this protuberance. 

Fig. 18. Conjugation of the nucleus from the pollen-tube with the 

?°?P, ere * Above to the right is the other sperm-nucleus, and to the 
tt the remaining wnpreriao 


1 r .- , . . mV. UUlCi SUC11U-UUUCU3. aim IV .••• 

lett the remaining synergida. 

Fig. 19. Embryo-sac. The upper nucleus of the pollen-tube still 
persists, as does also one synergida; while the oospore is in the seg- 
men e -skein stage, and the definitive nucleus of the embryo-sac has 

nearly completed division. 

Fig. 20. First two cells resulting from the division of the oosport 
perce]\ CUS * r0m one *be synergidae appears at one side of the up 

2l ' Proembryo with three cells. The upper suspensor ceil 

Tnn^rc ^ cleus . ls becoming very much enlarged. In its upper end 
PR- be nucleus of one of the synergidae. 

free fn^the embr^ 1 ^ 0 ^ our ce Hs. Two endosperm nuclei appe 1 * 

h e three 


free in the embryo-sac. 

Fig. 23. Proembryo with five cells. 

(. nrp pnHAc 


sac are endosperm '-cus. 1 ne tnree nuclei in iuc cuu/. ; 

sof cells 4 * More at ^ vanced sta ge of the embryo, showing three suspe 



